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We present the CoRoT light curve of the bright B2.5V star HD 48977 observed during a short run of the mission in 2008, as well as a 
high-resolution spectrum gathered with the HERMES spectrograph at the Mercator telescope. We use several time series analysis tools 
to explore the nature of the variations present in the light curve. We perform a detailed analysis of the spectrum of the star to determine 
its fundamental parameters and its element abundances. We find a large number of high-order g-modes, and one rotationally induced 
frequency. We find stable low-amplitude frequencies in the p-mode regime as well. We conclude that HD 48977 is a new Slowly 
Pulsating B star with fundamental parameters found to be r cff = 20000 + 1000K and logg = 4.2 ±0.1. The element abundances 
are similar to those found for other B stars in the solar neighbourhood. HD 48977 was observed during a short run of the CoRoT 
satellite implying that the frequency precision is insufficient to perform asteroseismic modelling of the star. Nevertheless, we show 
that a longer time series of this star would be promising for such modelling. Our present study contributes to a detailed mapping of 
the instability strips of B stars in view of the dominance of g-mode pulsations in the star, several of which occur in the gravito-inertial 
regime. 

Key words. Asteroseismology - Stars: Individual: HD 48977, 16Mon - Stars: abundances - Stars: fundamental parameters - Stars: 
oscillations - Techniques: photometric 



1. Introduction 

Asteroseismology, the study of stellar oscillations in order to in- 
fer information about the stellar structure, is a very powerful 
tool t o improve our k nowledge of the physics of stellar interi- 
ors dAerts et al.ll2.Q10l) . Helioseismology, the seismology of the 
Sun, has helped tremendously in impro ving our knowledge of 
the Su n's structure and interior physics (IChristensen-Dalsgaardl 
l200l . Asteroseismology is a younger but very dynamic field 
in astronomy, and several recent space missions, in particular 
MOST, CoRoT, and Kepler, have provided high-precision light 
curves for several cla sses of vari a ble sta rs, including main se - 
quence B stars (e.g., [A 



Aerts et all f2006allb|): ISaio et all (2007); 
; Huat et al l (l2009t): iNeiner et all (I2009); 



Cam eron et all (120081) 
Diag o et al.1 d2009l) ; lGutierrez-Soto et alj d2009l);lDegrpote et al] 
(20091 1201011201 11) : iPanics et alJ (1201 lh : iBalona et al.1 (1201 lh l. 
Despite these high-precision data from space, in-depth seismic 
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modelling of most of these pulsating B stars must await (partial) 
identification of the wavenumbers of the dominant observed pul- 
sation frequencies. This was only achieved so far for the Slowly 
Pulsating B (hereafter SPB) star HD 50230, which led to the con- 
clusion that this star has an inhomogene ously mixed region sur- 
rounding its core dDegroote et al.ll20lol) . and for the /3Cep star 
HD 180642 (V1449 Aql) which has an unusually high-amplitude 
dominant radial mode that induces several other lower-amplitude 
non-radial modes of the star through resonant mode coupling 
dBriquet et alJl2009r.lAerts et al.ll201 ll) . 

In the last decade, several asteroseismic studies of B 
stars based on large ground-base d campaigns have been per- 
formed as well dAerts et al.ll2003allRl2004bt lHandler et afll 2004 



Aerts etal. 2004a; De Ridder et al. 200- 



Jerzvkiewicz et al.1 



2005; Dziembowski & Pamvatnvkh 2008; Handler etal. 2005; 
Briq uet et alj 120051; lHandler et all 120061; iDesmet et all 12009). 
These observations are very extensive and complicated, of- 
ten involving multi-site multi-technique campaigns. Pulsating 
B stars typically pulsate with low-order p and g modes and 
some also experience high-order g modes, making it neces- 
sary to observe them for a very long time in order to resolve 
all those modes. In addition, daily aliases are an observational 
difficulty since these stars often have (beat) periods of the or- 
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der of a day. Nevertheless, ground-based asteroseismic stud- 
ies of B stars have proven to be very successful and have led 
to important new insights in their interior physics. For exam- 
ple, it was possible to put li mits on the value of the overshoot- 
ing parameter of the core ( Ausseloos et al. 20041; [Dupret et al. 
2004; iBriquet et al]|2007t iDesmet et all l2009t) . From partially 
resolved multiplets due to rotational splitting, it was also pos- 
sible to show that some of those stars have non-rigid rota- 
tion, in the se nse that their core reg i ons rotate faster than 
their envelope (|Pamvatnvkh et al. 20041 : 1 Ausseloos et"a"fl [2004; 



iDziembowski & Pam vatnvkhi 20081) . Finally, the seismic mod- 
elling of those B stars provided values for their fundamental pa- 
rameters, such as the effective temperature, log g and age. 

In thi s paper we are conc erned with data assembled with the 
CoRoT (MicheletalJ d2006)) 

satellite. Its main asteroseismol- 
ogy mission is to observe a limited number of bright main se- 
quence stars during a long time span of maximum five months, 
but in between those long runs also shorter ones of some three 
to five weeks occur. Because of the success of the ground-based 
asteroseismology of B stars, several B stars with a variety of 
spectral type were selected as targets for CoRoT, with the aim to 
map the instability strips of the /?Cep and SPB stars. 

This paper is devoted to HD 48977, a B2.5V star (V mag- 
nitude of 5.92) which was observed by CoRoT as a secondary 
asteroseismology target during a short run in 2008. Its spectral 
type of B2.5 V places it in the joint region of the SPB and /3 Cep 
instability strip. Very little was known about this star prior to 
the CoRoT observations. It had been flagged as a potential ro- 
tationally or pulsationally variable star and it was observed by 
Hipparcos, which le d to a main frequency peak at 0.5218 d" 1 
dKoen & Ever! 12002). Estimates of its fundamental parame ters 
using colour indices were given in iLvubimkov et al.l (120021) as 
r eff = 17500 + 300, log g = 4.09 + 0.08, from which the au- 
thors deduced M = 5.7 + 0.3 M©, R = 3.6 + 0. 4j? n , an age of 
30.6 + 10.7 x 10 6 yrs, and d=252 + 40pc using IClaretl (fl995b 
evolutionary tracks. 

2. CoRoT high-precision photometry of HD 48977 

HD 48977 was observed by CoRoT with a cadence of 32 s dur- 
ing a short run in 2008, from 2454531.48027 JD (5 May) to 
2454556.76361 (31 May), i.e., during some 25 days. The de- 
trended light curve is shown in Fig. Q] It was obtained by 
fitting the light curve with a linear polynomial and dividing 
the light curve by this polynomial in order to convert to flux 
units and compensate for the loss of gain in the satellite CCD 
dAuvergne et al.ll2009l) . 

Searching for frequencies in the light curve was don e in- 
dependently by AT using Period04 dLenz & Bregerl 120051) and 
by PD using the method in Degroote et al. (2009). The Fourier 
transform is shown in Fig. [2] It can be seen that the dominant sig- 
nal occurs in the range below 3d" 1 , which is typical for g-mode 
pulsations in early B stars. The two methods give the same list of 
frequencies (within the resolution). The resulting 55 frequencies 
found having an amplitude more than 4 times the noise level are 
listed in TableQ] The main peak has a frequency of 0.5167d , 
very c lose to the frequenc y 0.5218 d" 1 of the Hipparcos light 
curve dKoen &Everll2002l) . We see that HD 48977 presents a 
rich spectrum dominated by g modes with frequencies between 
0.1 d 1 and 1.5 d 1 . We thus classify HD 48977 as a new SPB 
star. 

An amplitude drop with a factor more than two occurs for 
the frequencies 35 to 55 in Table \T\ which represent power in 
the p-mode regime, compared to the lower frequency regime 
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Fig. 1. CoRoT light curve of HD 49877, with an inset to show 
the short-time behaviour. The bottom panel represents the resid- 
uals after prewhitening with a model based on the 55 frequencies 
listed in TableQ] 
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Fig. 2. Fourier transform of the light curve. 



(Fig. 0. While these 20 listed frequencies above 10 d" 1 are 
significant, we are cautious with their interpretation because 
they occur in the region w here instrumental power also oc- 
curs {Au vergne et al. (2009), see also Figf2|. In particular, the 
two highest frequencies in Table [1] are twice and five times 
the orbital frequency of the satellite. Four additional peaks in 
Table Q] coincide with (daily aliases of) the satellite orbital fre- 
quency, keeping in mind the relatively large frequency uncer- 
tainty. Nevertheless, significant intrinsic stellar frequencies oc- 
cur in the region [10,201 d" 1 . As is also the case for the pulsators 
HP 50230 (B3V. IPegroote et all (120101) ') and HD43317 (B3IV, 
Pani cs et al.1 (|2012)), the frequency structure in that regime is 
rather stable pointing towards p modes excited by the kappa 
mechanism. The autocorrelation of the power spectrum peaks 
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Fig. 3. Phase plot of the rotational signal, where all signal not 
related to the rotational frequency and its harmonics has been 
filtered out. 

at a possible frequency separation of 1.55 d -1 , but, in view of the 
limited frequency precision and the unknown identification of 
the spherical wavenumbers of the modes, we refrain from further 
interpretation of the frequencies in this regime with the present 
data set at hand. The noise level in the residual amplitude spec- 
trum, measured between 5 and 10d~', amounts to only 1 ppm. 

Given that the harmonics of the fourth frequency fa = 
0.637 d -1 are clearly present in the frequency spectrum, while 
there are no harmonics for any of the other frequencies, and 
given that the shape of the curve in the phase diagram is not 
typical of nonlinear pulsations (see Fig.O we interpret fa as the 
rotation frequency of the star. Also this particular aspect of the 
frequency sp e ctrum is similar for the B3IV pulsator HD43317 
(Papi cs et al.l (1201 2|) ). although the data set of the latter star is 
much more conclusive on this matter, given that this target was 
observed during a long run of CoRoT. 

The frequency resolution deduced from the CoRoT light 
curve is given by 1.5/Ar 0.06 d -1 , where T is the entire 
duration of the observation run, i.e., 25 days. Unfortunately, 
this is of the order of the separation between the observed g- 
mode frequencies (see TableQ]). This prevented us from detect- 
ing any meaningful period spacings, as deduced for HD 50230 
by Degroote et al. (2010), due to the fact that those spacings 
would be of the same order as the frequency resolution itself. 

The frequency spectrum we have at hand is of too low pre- 
cision to perform a meaningful seismic modelling of this star. 
This is not surprising, as SPB stars are known to need observa- 
tions of several months before the frequency spectrum can be 
deduced with sufficient precision to interpret it in terms of pre- 
dicted frequencies from theoretical models. The selection of this 
secondary seismology target for a short run was based on its 
rough position in the instability strips, which could have implied 
the detection of dominant high-amplitude p modes. A good strat- 
egy for further understanding the target would be to re-observe 
it with CoRoT during a medium to long run of several months. 

3. Spectroscopy of HD 48977 

One high resolution high signal-to-noise spectrum of HD 48977 
was o btained using the HERMES spectrograph (Raski n et al.l 
1201 ll) at the Mercator Telescope. The normalised spectrum for 



Table 1. Frequencies in the light curve of HD 48977. SN2 is 
the signal-to-noise in a bd~ y bin around the peak after each 
prewhitening step. Phases are given with respect to to = 0, and 
in units of 27rrad. 



nr 


A 


o-(A) 
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<r(f) 


<P 


<r(<p) 


SN2 




(ppm) 


(ppm) 


(cT 1 ) 


(d- 1 ) 


(2b) 


(2n) 




1 


2052 


125 


0.5167 


0.0011 


0.38 


0.05 


14.7 


2 


1737 


109 


0.7933 


0.0013 


-0.085 


0.06 


12.6 


3 


1583 


89 


0.6832 


0.0012 


-0.019 


0.06 


12.8 


4 


1489 


66 


0.6370 


0.0010 


0.26 


0.04 


13.5 


5 


1130 


44 


1.2688 


0.0008 


0.24 


0.04 


12.0 


6 


924 


34 


0.4542 


0.0009 


0.37 


0.04 


9.3 


7 


753 


38 


0.3049 


0.0012 


0.07 


0.05 


9.1 


8 


647 


27 


0.9847 


0.0009 


0.06 


0.04 


9.0 


9 


498 


19 


0.8958 


0.0010 


-0.46 


0.04 


7.1 


10 


476 


21 


1.1412 


0.0010 


-0.42 


0.04 


7.4 


11 


430 


17. 


0.5699 


0.0010 


0.29 


0.04 


7.1 


12 


427 


26 


0.2100 


0.0011 


0.40 


0.05 


7.5 


13 


393 


14 


0.3950 


0.0009 


0.19 


0.04 


6.7 


14 


388 


17 


0.2604 


0.0010 


-0.28 


0.04 


7.2 


15 


330 


12 


0.3484 


0.0009 


-0.24 


0.04 


6.8 


16 


299 


11 


1.9182 


0.0008 


-0.31 


0.04 


6.7 


17 


292 


9 


0.0410 


0.0007 


0.15 


0.03 


6.6 


18 


201 


8 


1.0766 


0.0011 


-0.49 


0.05 


4.5 


19 


188 


9 


2.5325 


0.0010 


-0.33 


0.05 


4.7 


20 


182 


8 


0.1729 


0.0010 


0.36 


0.05 


4.3 


21 


175 


7 


2.7611 


0.0010 


-0.49 


0.05 


4.2 


22 


152 


6 


0.6008 


0.0010 


-0.33 


0.05 


4.2 


23 


143 


7 


2.7110 


0.0010 


-0.12 


0.05 


4.1 


24 


142 


6 


0.8440 


0.0010 


-0.31 


0.04 


4.3 


25 


127 


6 


1.3232 


0.0010 


-0.42 


0.05 


4.0 


26 


125 


7 


2.0672 


0.0010 


-0.48 


0.05 


4.1 


27 


124 


6 


1.7022 


0.0010 


-0.36 


0.05 


4.1 


28 


123 


5 


1.8443 


0.0010 


-0.33 


0.05 


4.1 


29 


115 


5 


3.0379 


0.0010 


0.36 


0.04 


4.1 


30 


112 


5 


1.0288 


0.0010 


-0.49 


0.05 


4.0 


31 


108 


5 


0.7579 


0.0010 


-0.30 


0.04 


4.1 


32 


107 


4 


2.6192 


0.0010 


-0.45 


0.04 


4.0 


33 


104 


4 


2.9035 


0.0010 


-0.33 


0.04 


4.0 


34 


94 


4 


2.8083 


0.0009 


0.05 


0.04 


4.2 


35 


44 


2.5 


14.7599 


0.0013 


-0.20 


0.06 


7.1 


36 


43 


2.5 


13.4966 


0.0013 


0.42 


0.06 


6.4 


37 


43 


2.5 


14.4568 


0.0013 


-0.23 


0.06 


7.9 


38 


33 


1.9 


16.3164 


0.0013 


-0.36 


0.06 


6.7 


39 


29 


1.8 


11.1543 


0.0013 


-0.49 


0.06 


6.4 


40 


22 


1.5 


19.4616 


0.0014 


-0.48 


0.06 


5.6 


41 


22 


1.5 


10.484 


0.0014 


-0.41 


0.06 


4.5 


42 


21 


1.4 


17.9453 


0.0014 


-0.25 


0.06 


4.8 


43 


21 


1.4 


15.7987 


0.0014 


0.069 


0.06 


5.0 


44 


20 


1.3 


14.6173 


0.0014 


0.20 


0.06 


5.5 


45 


19 


1.3 


19.5002 


0.0014 


-0.18 


0.06 


5.8 


46 


18 


1.1 


15.6412 


0.0014 


0.097 


0.06 


4.7 


47 


18 


1.2 


17.6694 


0.0014 


-0.14 


0.06 


4.9 


48 


17 


1.2 


16.0906 


0.0014 


0.0027 


0.06 


4.7 


49 


17 


1.0 


12.872 


0.0013 


0.48 


0.06 


4.8 


50 


17 


1.1 


11.0296 


0.0014 


0.15 


0.06 


4.1 


51 


14 


0.9 


21.2714 


0.0014 


0.11 


0.07 


5.3 


52 


14 


0.9 


15.9682 


0.0014 


0.32 


0.06 


4.3 


53 


9.5 


0.7 


22.9226 


0.0017 


0.13 


0.08 


4.7 


54 


8.5 


0.7 


27.9437 


0.0017 


0.47 


0.08 


7.1 


55 


3.2 


0.5 


69.8564 


0.0034 


0.33 


0.15 


5.3 



the spectral range 4065-4155A is shown in Fig. [4] It has a re- 
solving power of 80000 and a S/N ratio of about 170 in the 
region near the Sill doublet at 4128, 4130A which is a spec- 
tral range most of ten used to study the oscillations of SPB stars 
dAerts et al.ll 19991) . From the Fourier transform of the SHII4567 
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Fig. 4. Excerpt of the high resolution high signal-to-noise spec- 
trum (black) of HD 48977, obtained with the HERMES spec- 
trograph attached to the Mercator Telescope. Grey lines indi- 
cate the zero-rotation line depths of a template spectrum with 
T e ff = 20 000 K and log g = 4.2 dex (solar mixture and solar 
metallicity). 

Table 2. Si lines used to determine the effective temperature in B 
stars. Lines present in the spectrum of HD 4 8977 are unde rlined. 
Lines that should be avoided according to ISimon- Diazl(l20Toh 
are listed in italic. 



Si II 


Si III 


Si IV 


4128.054 


4567.840 


4212.405 


4130.894 


4574.757 


6701.12 


5056.150 


4813.33 




6371.371 


4829.073 






5716.287 






5739.734 





line, which allows the disentangling of non-rotational broaden- 
ing from other broadeni ng mechanisms (i.e., pulsatio ns, micro- 
and macroturbulence, Sim on-Diaz & Herrerol 120071) . we de- 
duce vsin i = 29 ± lkms 1 . Combined with the interpreta- 
tion of fn as the rotation frequency and a canonical radius of 
B-type stars in this part of the Hertzsprung-Russell diagram 
(R — 3.5 ± 0.7 R a , obtained fr om a grid of models calculated us- 
ing CLES (Scuflaire et al. 2008)), we derive an inclination angle 
i = 15 ± 3°, or a true equatorial velocity v eq = 113 + 23 km s . 

We performed a detailed analysis o f the spect r um of 
HD 48977 using the method explained in iMorel etaTI (2006) 
to determine the fundamental parameters and the element 
abundances of the star. The synthetic spectra used have 
been computed using an updated versio n of the non-LTE 
line-fo r mation codes D ETAIL/SURFACE dButler & Giddingsl 
(ll985h : lGiddingsldl981h 1 

After normalizing the spectrum, we measured the ratios of 
the equivalent widths (EWs) of the different ionization lines of 
Si, in order to obtain rough estimates of the effective temper- 
ature. Some Si lines appropriate for use in the case of B stars 
are listed in Table [2] Among those lines, all four Si II lines are 
present in the spectrum of HD 48977, while only three Si III lines 
are present and no Si IV lines. The lines present in the spectrum 
of HP 48977 are underlined in Table [2] Following ISimon-DfazI 
(1201 Oh . some of those lines are badly understood from the view- 



Fig. 5. Theoretical EW ratios for logg = 4.2 of the suitable 
Sill and Si III lines in the spectrum with proper atomic data. 
Theoretical values are plotted for two values of the microturbu- 
lence, £ = 1 kms _I (full lines) and £ = 5kms _1 (dashed lines), 
and four values of the Si abundance, loge(Si)=7.54, 7.34, 7.14, 
6.94 dex. The two horizontal lines represent the observed values 
with their error bar. 



point of atomic data and are better avoided in the analysis. Those 
lines are indicated in italic in Table|2] Looking at Table|2] we see 
that we can use only one Si II line and three Si III lines. The ra- 
tios of the EWs of the Si II and Si III lines are shown in Fig. [5] 
for log g = 4.2. The theoretical ratios are shown for two values 
of the microturbulence, namely £ = 1 kms^ 1 and £, = 5kms _1 
and for four values of the Si abundance, log e(Si)=7.54, 7.34, 
7.14, 6.94 dex. This gives an estimate for the effective tempera- 
ture of T eS = 19 900 + 400 K. Given the fact that we have so few 
suitable Si lines, and for completeness, we did the same analysis 
using all the observ ed Si lines. From t he lines that should not be 
used according to lSimon-DfazI (120101) . we get higher values for 
the effective temperature, up t o 22 000 K. This is consistent with 
the general trend reported by Simo n-Dfazl (120101) . 

The next step is to find the best value for log g by fitting 
the wings of the Balmer lines. We use the H^, H r , H^, H e , and 
H a lines. We find the best fit for log g - 4.2 + 0.1 assuming 
log T sS = 20000 ± 1000 K. In Fig.|6] we show HD 48977 in the 
B star instability strips. We see that it falls nicely in the SPB 
instability region. 

In principle, the value for the microturbulence parameter can 
be found by looking at strong and weak lines of a given ion, 
and require that they yield the same abundances. Unfortunately, 
all O lines in the spectrum of HD 48977 are weak and we can- 
not determine the value of the microturbulence. It is, however, 
expected to be small for this spectral type. We included the un- 
known value of the microturbulence parameter for the element 
abundances by increasing the error bars based on two possible 
values of £ = lkms" 1 and£ = 5kms _1 . 

To refine the estimate of the effective temperature, we 
required the Sill and Si III lines to return on average the 
same abundance. Using the Si lines underlined in Table|2] 
we obtain a value consistent with the previous estimate and 
loge(Si)=7.27+0.20dex. 

We can now obtain the abundances of the other elements 
with lines in the spectrum. The lines used for the analysis and the 
results obtained for the abundances are summarized in Table [3] 
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Fig. 6. Instability strips for B stars, as well as obs erved SPB 
stars f rom ground-based surveys (dots) taken from Pamv atnvkhl 
(fl999h . The position of HD 48977 is indicated as square. 



The abundance uncertainties take into account both the line-to- 
line scatter and the errors arising from the uncertainties in the at- 
mospheric parameters. They are in very good agreement with the 
abundances found f or O and B stars in the solar neighourhoud by 
iMorel et al.1 (120061) using exactly the same methods and tools. 
The Ne abundance is found to be 7.96 dex, a value intermediate 
betwee n th e solar values recomm e nded by | Grevesse & Sauvall 
(119981) and lAsplund et all (120091) . IMorel & Butlerl (120081) ob- 
tained a very similar Ne abundance for B stars. 

The CNO abundance ratios are found to be [N/O]=-0.92 
and [N/C]=-0.61, which are equal to the solar values within the 
errors. We thus do not find any indication of deep mixing in 
HD 48977. Such mixing was f ound for several among the bright 
P Cep stars (IMorel et al.ll2006l) . which are somewhat hotter than 
HD 48977. 



4. Photometric determination of the effective 
temperature 



The visual magnitude of HD 48977 makes it an optimal tar- 
get for inclusion in wide-field surveys. We collected abso- 
lute photometry in the UV (TD1 , ANS, iThompson et al.l 
119781: IWesselius et all Il980i 1 19821). the optical (S t r0mgren 
Gene va, Johnson and Tycho | Me rmilliod et al. 1997; Rufener 
T98l iRufener & Nicoleti[l988t lOfekl 12008b lMermilhodT Tl986; 
H0g et al] 120001) and the (near) infrared (Johnson , 2MASS, 



WISE AKARI. ICutri et al.l2003HWright et alJ2010tlCutri et al.1 
120 lU llshiharaetal] 12010b . From the WISE bands at 3.4/xm 
(Wl), 4.6 fim (W2), 12.3 fim (W3) and 22 fim (W4) and AKARI 
photometry at 8.7 fim, we see no signs of infrared excess. 

Even though it is well known that fundamental parame- 
ters determined from SEDs based on photometric data are usu- 
ally less precise than those deduced from high-resolution spec- 
troscopy, we estimated th e effective temp e rature and gravity via 
the procedure outlined in iDegroote et al.l d201 ll) . as a compati- 
bility check. We chose to fit the absolute fluxes in the infrared 
(A > 1 fim), and on ly colours at shorter w avelengths (cf. the in- 
frared flv^jnethod Blackwell et aljH979l) (Pig.[7J. We used both 
LTE dCastelli & Kuruczl 120031) and NLTE model atmospheres 
dLanz & Hubeny||2007l) . We deduced an effective temperature 
T eff = 18 000 + 1 300 K (95% confidence interval), surface grav- 



Fig. 7. Observed and model photometric colors of HD 48977. 
Crosses denote the synthetic flux of the best fitting model, cir- 
cles denote the observations and their errors. Filled circles are 
included in the fit as colors (optical and UV), open circles are 
included as absolute photometry (infrared). 



ity log g > 3.6, interstellar exctinction £(,6 -V) < 0.025, angular 
diameter 9 = 0.128 +0.004 mas and a solar or sub-solar metallic- 
ity. We thus find that the photometric method underestimates the 
effective temperature by roughly 1 000 K compared to the silicon 
line ratios (Fig. [5) but the values are consistent within 2<x. Given 
the much higher quality of the HERMES spectrum compared to 
broad-band photometry, we adopt the spectroscopic estimate of 
the effective temperature. 



5. Conclusions 

From 25 d of C0R0T high-precision space photometry, we found 
the B2.5V star HD 48977 to be a new SPB star. In fact, it is the 
hottest confirmed SPB star known to date. In agreement with 
the star's position in the joint part of the /?Cep and SPB in- 
stability strips, we detected numerous dominant g modes and 
low-amplitude p modes in its oscillation spectrum. The g modes 
occur in the frequency range 0.17-3.0 d _1 and reach a max- 
imum amplitude of 2000 ppm. The ratio of the p- and g-mode 
amplitudes of this moderately rotating star of solar metallic- 
ity is less than 0.025. In this aspect, the three stars HD 48977 
(B2.5 V, moderate rotator; th is paper), HD 50230 (B3V, slow ro- 
tator: iDeeroote et al.1 (l2010l) ) and HD43317 (B3IV, fast rotator; 
Papi cs et al] (120121) ) are very comparable. 

While the frequency precision is insufficient to perform for- 
ward modelling at this stage, an interesting aspect of HD 48977's 
variability is that we detected rotational modulation, in addition 
to the g-mode oscillations, in its photometric light curve, again 
similar to the case of HD 433 17. The combination of the rotation 
frequency we found in the C0R0T light curve and the overall 
line broadening in the spectrum, implies that HD 48977 is one 
of the very few moderate rotators known within the class of SPB 
stars so far, the B3V star HD43317 being an even faster rotator 
dPapics et al.ld2012l) ). 

The rotation frequency of 0.6372 d _I is of the same order as 
the g-mode frequencies and implies that any future seismic mod- 
elling of the star must take into account the effects of rotation in 
the pulsation description. While this can be done using the tradi- 
tional approximation for modes whose frequency is above twice 
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Table 3. Non-LTE elemental abundances of HD 48977 on the scale in which loge[H] = 12. Mean values obtained using the same 
tech niques for nearby, early B-type stars sho wing no signs of mixing ( i.e., with unaltered CNO abundances) are shown for compar- 
ison (Morel & Butler 2008; More l et al.ll2008l) . 



element 


ion used 


lines used (A) 


HD 48977 


Nearby B stars 


C 


CII 


5133.11 


8.14+0.10 


8.21±0.09 


N 


Nil 


3994.00, 4607.16, 4643.09, 5005.15, 5679.55 


7.53±0.12 


7.67±0.11 





Oil 


4069.75, 4414.90, 4641.81, 4649.13, 4661.63, 4705.35 


8.45±0.12 


8.51+0.09 


Nc 


Nel 


6143.06, 6266.49, 6334.43, 6382.99, 6402.25, 6506.53 


7.96±0.12 


7.97±0.07 


Mg 


Mgll 


7877.05 


7.61±0.10 


7.39+0.11 


Al 


A1III 


4149.96, 4512.54, 4529.04, 5696.6, 5722.7 


6.21±0.28 


6.13+0.08 


Si 




see Table|2] 


7.27±0.20 


7.18+0.07 


S 


SII 


4162.48, 4524.81,4815.55 


7.11+0.18 


7.20±0.11 


Fe 


Felll 


4419.60, 5156.11 


7.21±0.14 


7.28±0.10 



the rotation frequency dAerts & Dupretl20 121: [Ballot et al]2012l) . 
the lowest-frequency modes of HD 48977 correspond with so- 
called gravito-inertial wa ves and require a t reatment not relying 
on perturbative methods (Ballot et al. 2 0"Toh . 

Our findings show that HD 48977 would be an excellent tar- 
get for a long run during an extension of the CoRoT mission. 
This would probably allow to decide on the nature of the power 
in the frequency regime above 10 d~' and to unravel rotational 
splitting of several of the pulsation modes, and hence would 
open stellar modelling applications from the mode identification 
of the multiplet structures. 
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